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take into account the causal role of excess nicotinamide intake in the development of insulin resistance and type 2 diabetes. Therefore, we would like to offer some comments on this article.
As shown in Fig. 1 , nicotinamide is degraded to MNA by NNMT. The major metabolites of nicotinamide in human urine are MNA and its oxidation product N 1 -methyl-2-pyridone-5-carboxamide. This indicates that NNMT is a key enzyme responsible for the clearance of excess nicotinamide. It has been demonstrated in animal studies that nicotinamide can induce Nnmt expression [2] . Thus, the association of increased NNMT expression with high plasma MNA levels should be a consequence of excess nicotinamide intake, rather than a primary cause of insulin resistance. In fact, over the past several decades, increased prevalence of obesity and type 2 diabetes is closely correlated with increased nicotinamide intake, due to nicotinamide fortification and a high intake of animal-derived foods [3] [4] [5] . High fasting nicotinamide levels have been observed in hypertension, a disorder closely related to insulin resistance [6] . Therefore, to explore the cause of increased expression of NNMT and high levels of serum MNA, nicotinamide intake and blood nicotinamide status should also be taken into consideration.
Bariatric surgery is known to significantly reduce food intake, which will undoubtedly decrease nicotinamide intake. Thus, the most likely explanation for the reduction in plasma MNA and NNMT expression in adipose tissue after surgery is due to decreased nicotinamide intake. In this regard, we suggest that, before coming to a conclusion about the role of NNMT and MNA in insulin resistance and type 2 diabetes, the authors should consider the effect of bariatric surgery on the total daily intake of nicotinamide.
It is known that nicotinamide is hardly excreted in the urine because of reabsorption by renal tubules, but it can be effectively excreted in sweat [5] . We have observed that there is a more than fivefold increase in sweat nicotinamide with no change in MNA levels after an oral nicotinamide load (100 mg) [7] . Intensive exercise is accompanied by increased sweat excretion, so the finding that endurance training can decrease NNMT expression in individuals with insulin resistance or type 2 diabetes may involve increased sweat excretion of nicotinamide. Therefore, it is necessary to examine the effect of exercise on blood nicotinamide status when exploring the effects of exercise on NNMT expression, plasma MNA and insulin resistance.
Nicotinamide is a precursor in the synthesis of NAD + and NADP + , two coenzymes that play roles in numerous biological processes related to redox. A high nicotinamide intake may enhance these biological processes by affecting the synthesis of NAD + and NADP + , and subsequently the activity of NAD + -and NADP + -dependent enzymes. In theory, inhibition of NNMT may have similar effects to excess nicotinamide, which is known to cause insulin resistance, as the authors mention in the introduction of their paper [1] . Moreover, nicotinamide can inhibit sirtuins, which are NAD-dependent protein deacetylases known to have protective effects against agerelated diseases, including diabetes and cancer [8] . As noted by the authors, cancer is associated with high NNMT expression [1] . This suggests the possibility that excess nicotinamide may contribute to cancer. From this point of view, inhibiting NNMT may lead to unpredictable consequences.
Taken together, we argue that what the authors observed in their study is actually a reflection of changes in nicotinamide intake and excretion. Given that (1) high nicotinamide intake is very common in developed countries, and (2) excess nicotinamide is known to cause oxidative stress and insulin resistance [3, 5] , we think it wise to reduce nicotinamide intake and increase its excretion rather than to inhibit NNMT in the management of diseases related to NNMT overexpression.
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